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Nanocrystalline materials exhibit enhanced optical, electronic and structural properties because of its quantum confinement effects and large surface to volume ratio from those of its bulk counterparts. The potential applications of these quantum-confined systems in the field of nanotechnology are expected to dominate the materials development in the near future. Some of these materials are considered to be the efficient phosphors in display applications such as new flat panel, solar energy converters, optical amplifiers, TLD phosphors etc. The optical, luminescence and other properties get modified by the shape and size of the materials. Also, incorporation of impurities at different sites and modification of certain defects in the material affect these properties. Further, the luminescence properties of nanocrystalline materials can be enhanced by incorporating suitable luminescence activators such as rare earths ions.

Aluminum oxide (Al2O3) is one of the standard materials for ceramics is known as a radiation resistant material which can be used under various radiation environments. Its properties include a high melting point, high thermal conductivity and high electrical resistance at elevated temperatures. With these factors, aluminum oxide has become a special material of technological interest for diverse applications, such as solid state lasers, UV windows, fusion energy devices etc. Further, alumina is suggested to be an efficient thermoluminescence dosimeter (TLD) for both UV and ionizing radiations. Combustion synthesis is particularly an easy, safe and rapid production process besides energy and time savings. This quick, straightforward process can be used to produce homogeneous, high-purity, crystalline powders. The preparation of aluminum oxide by combustion process using different fuels results in different particle sizes. For example, if glycine and hydrazine is used as fuel it gives rise nanoparticles. 
The fact that some luminescence properties are influenced by the nature of ionizing radiations. Radiation induced electron transfer reaction results in the retrievable storage of information with extensive applications ranging from dosimetry, efficient in real-time holography, phase conjugation to transmit distortion free images and other non-linear optical properties. Swift heavy ion (SHI) irradiation is an excellent tool for the creation and modification of nanostructures. The energy of the ion is transferred to the solid almost instantaneously in a highly-localized volume of nanometer dimensions. Hence, single energetic swift heavy ions can be used to generate non-equilibrium phases with novel structural and physical properties. The luminescence produced in solids by impact of high energy ions has recently become the subject matter investigations where atomic ions, cluster ions as well as SHI are applied. When SHI are passing through a solid target, they lose its energy by means of elastic scattering (nuclear energy loss) dominant in the KeV range and inelastic scattering (electronic energy loss) which dominant in the range few MeV to GeV energies. Further, a huge amount of energy is deposited through inelastic collision with target electrons which in turn induce new damage process. In particular, close to ion path extremely high energies are deposited in a very small volume of a few hundreds of eV nm-3 with in an extremely short time but difficult to reach by any other radiation source. The high electronic excitation density in the core region has strong influence on the defect creation. 
Radiation induced defects in solids may be studied by spectroscopic and microscopic techniques viz Ionoluminescence (IL), Photoluminescence (PL), thermoluminescence (TL), Raman, Fourier transform Infrared (FTIR) spectroscopy, Scanning electron microscopy (SEM), Atomic Force Microscopy (AFM), Transmission Electron Microscopy (TEM) etc. Further, it is well known that the luminescence response is extremely sensitive to nature of defects and their interaction. Introduction about the above experimental techniques, X-ray

diffraction (XRD), theory of ion matter interaction, historical aspects of luminescence, theories of TL phenomenon and applications of TL and the scope of the present work are given in chapter 1. 
Principle and brief procedure of the experimental techniques used in the present work are discussed in the chapter 2. Synthesis of pure and rare earth doped microcrystalline and nanocrystalline aluminum oxide is given in detail along with stoichiometric calculations and chemical reaction equations. The as prepared samples are subjected to annealing at different temperatures. Preparation of pellets of as prepared and heat treated aluminum oxides from a home made palletizer is discussed. Also, the thin films of aluminum oxide were prepared by electron beam evaporation for comparison with those of bulk and nanocrystalline aluminum oxide. Defects were created using SHI as well as -rays. The experiments with SHI irradiation at Inter University Accelerator Centre, New Delhi is discussed in detail along with ion fluence calculations. 
Chapter 3 deals with the characterization of the samples used in the present investigation. Al2O3 exists in several distinct crystallographic phases such as , ,  and - Al2O3. The XRD patterns of alumina clearly indicate the formation of single phase of microcrystalline α-Al2O3 with rhombohedral crystal system and the space group. And, the XRD patterns of nanocrystalline aluminum oxide confirmed the -phase. Using Scherer formula, the average grain size of the phosphor is calculated to be 9.076 nm. Glancing angle XRD (GAXRD) of SHI irradiated Al2O3 pellets reveals that, the intensity of the irradiated sample is lower when compared to that in pristine. GAXRD patterns of Al2O3 thin films were amorphous in nature. Further,  phase changes to - phase in microcrystalline Al2O3 doped with rare earth elements. The SEM photographs of combustion synthesized aluminum oxide shows foamy agglomerated particles with wide distribution and presence of cracks, larger voids and pores in their structures. AFM images of Al2O3 thin films irradiated with 120 MeV swift Au9+ ions for the fluence 1×1013 ions cm-2 shows the formation of nanostructure. However, the films irradiated with 100 MeV Si7+, Ni7+ do not show the formation of nanostructures. -Al2O3 exhibits seven Raman active modes given by. In SHI irradiated samples the intensities of Raman bands decreases with increase ion fluence and at the fluence 1×1013 ions cm-2 the samples did not show any Raman bands. FTIR spectra combustion synthesized microcrystalline and nanocrystalline aluminum oxide is studied. The FTIR bands with peaks at 1487, 1601, 1666, 3666 and 3787 cm−1 were found to be absent when the pellets were irradiated with 120 MeV swift Au9+ ions. 
Ionoluminescence also known as ion beam-induced luminescence (IBIL) is a phenomenon of emission of light when energetic ions interacting with solid and it provides information about the chemical form of elements. IL spectra of microcrystalline and nanocrystalline aluminum oxide irradiated with 100 MeV Si7+ ions are recorded online for different fluence. An IL band with peak at 415 nm (2.98 eV) is observed. This band is caused by an intrinsic defect. The peak at 694 nm originates from the extrinsic luminescence of Cr3+ impurities and consists of two emission lines (Cr3+-dublet). The results of this online experiment are discussed in detail in chapter 4.
Photoluminescence of microcrystalline and nanocrystalline alumina irradiated with SHIs are given in chapter 5. PL of aluminum oxide bombarded with 120 MeV swift Au9+ ions shows emission with peak at 420 nm and it is attributed to F-center while the two more weak emissions with peaks at 482 and 525 nm are attributed to aggregates of F-centers. Two sharp PL emissions with peak at ~679 and 695 nm have been observed in all samples. The two sharp emissions are attributed to well known Cr3+ doublet R1 and R2 lines. Two PL emissions, a prominent one with peak at ~525 nm and a shoulder at ~465 nm are observed in heat treated and Au9+ ion irradiated nanocrystalline aluminum oxide. The 525 nm emission is attributed to F22+-centers. The PL intensity at 525 nm is found to increase with increase of ion fluence up to 11012 ions cm-2 and decreases beyond this fluence. 100 MeV Si7+ irradiated Al2O3 shows PL emission at ~544 nm besides a two sharp emissions with peak at 679 and 695 nm. The ~544 nm peak is attributed to F22+ -centers. The PL intensity due to Cr3+ ions whereas it decreases with increase in ion fluence in all samples.  A strong PL emission with peak at 442 nm along with shoulder at 420 nm is observed in 100 MeV Si7+ irradiated Al2O3 thin films. Two PL emissions with peaks at ~430 nm and ~645 nm besides a shoulder at ~540 nm are detected in 120 MeV Au9+ ion induced nanostructured aluminum oxide thin films. 
Chapter 6 deals with the TL of SHI microcrystalline and nanocrystalline aluminum oxide. Two TL glows - a well resolved one with peak at 623 K (Tg2) and another unresolved one at ~513 K (Tg1) are observed in 120 MeV Au9+ ion irradiated aluminum oxide. It is found that the TL intensity increases with the fluence up to 1×1013 ions cm-2 and then decreases with increase in fluence. Also, the prominent glow peak temperature (Tg2) is found to be shifted towards lower temperature region. TL of heat treated and SHI irradiated nanocrystalline aluminum oxide gives a strong and broad TL glow with peak at 610 K along with a shoulder at 500 K. The TL intensity is found to increase with Au9+ ion fluence up to 11013 ions cm-2 and decreases beyond this fluence. However, the as prepared samples did not show any TL response. A single prominent TL glow with peak at 546 K is observed in 100 MeV Si7+ irradiated Al2O3. It is observed that the TL intensity increases up to 11013 ions cm-2 and thereafter decreases. The TL intensity increases with preheat treatment temperature. Further, a TL emission with peak at 613 K along with a shoulder at 509 K is observed in 100 MeV Ni7+ ion irradiated samples. The shoulder at 509 K is found to be absent at higher fluences. The TL kinetic parameters such as order of kinetics (b), activation energy (E), frequency factor (s) etc of SHI irradiated samples are calculated using glow curve shape method. The samples irradiated with Au9+, Ag7+ and Ni7+ ions shows second order kinetics while Si7+ ion irradiated samples shows first order kinetics. These parameters are tabulated.
Thermoluminescence properties of -irradiated pure and rare earth doped microcrystalline and nanocrystalline aluminum oxide are discussed in chapter 7. Two prominent and well resolved TL glows with peak at 483 K and 638 K are observed in all -irradiated microcrystalline Al2O3 samples. Further, the maximum TL intensity can be obtained when the samples are doped with 1 mol % of Lanthanum (La) and Gadolinium (Gd). With further increasing in doping concentration the TL decreases which can be attributed to concentration quenching of luminescence. Also, the TL intensity is also found to increase with increase in -ray dose. A single TL glow with peak at 581 K is observed in -irradiated nanocrystalline aluminum oxide. It is observed that the glow peak intensity increase almost linearly with -ray dose in the range studied in the present work. However, the TL intensity in nanocrystalline aluminum oxide is very poor when compared to microcrystalline counter part. TL sensitivity is found to be enhanced by incorporating suitable luminescence activators such as rare earths. La doped Al2O3 shows a prominent TL glow with peak at 495 K, which is the characteristic TL glow peak of Al2O3. Also, a hump at ~510 K indicates and it is attributed due to La dopant in the host. The glow peak intensity increases with increase in La3+ concentrations up to 5 mol%. Further increase in La3+ concentration results in decrease in TL intensity. The kinetic parameters such as E, b, s etc are calculated by different methods viz glow curve shape method, various heating rate method (VHR), initial rise method, Krish method etc. All the values calculated values are tabulated compared with each other. Here, all the -irradiated samples indicate second order kinetics.
The out come of the present investigations along with the scope for the future work is given in chapter 8 under summary.  The PL emissions in the present investigation are attributed to the F and aggregates of F-centers. The TL glow peaks are correlated to observed PL emissions. At lower fluences, concentrations of F-centers are more and decreases with increases in ion fluence. It is found that the TL intensity increases up to 11013 ions cm-2 and there after it decreases with further increase in ion fluences in samples. It is concluded that the said fluence is critical fluence above which TL intensity decreases in SHI irradiated aluminum oxide. Since, nanocrystalline Al2O3 shows linear dose response, it may be suitable for dosimetry at high doses after studying the dosimetric characteristics viz fading, annealing behavior, energy response, reproducibility etc.

When energetic swift heavy ions interact with matter inelastic collision (leading to electronic energy loss-Se) and elastic collision (leading to nuclear energy loss -Sn) take place. In the present studies the effect of energetic ion species on thermoluminescence (TL) of polycrystalline aluminum oxide (PAO) is reported. PAO pellets of 6 mm diameter are irradiated with energetic Au9+, Ni7+ and Si7+ ions for the fluence of 1×1013 ions cm-2. A single well resolved prominent TL glow with peak at 538 K is observed in Si7+ irradiated samples. However, in Ni7+ and Au9+ irradiated samples a prominent TL glow with peak at 610 K along with a shoulder at 513 K is observed. On the other hand, when PAO samples are irradiated with -rays two well separated TL glows with peaks at 483 K and 638 K are observed. A prominent PL emission with peak at 430 nm besides a weak emission with peak at 480 nm and a shoulder at 525 nm are observed in 120 MeV Au9+ion irradiated samples when excited with 320 nm. These PL peaks are attributed to F, F2+ and F22+-centers respectively. However, in Si7+ irradiated samples a single PL emission peak at 430 nm is observed and it is attributed to F-centers. The results are discussed in detail.
Synthesis of materials by combustion technique results in homogeneous and fine crystalline product. Further, the technique becoming more popular since it not only saves time and energy but also easy process. Aluminum oxide phosphor was synthesized by using urea as fuel in combustion reaction. Photoluminescence (PL) and Thermallystimulated luminescence (TSL) characteristics of -irradiated aluminum oxide samples are studied. A broad PL emission with peak at ~465 nm and a pair of strong and sharp emissions with peaks at 679 and 695 nm are observed in -rayed samples. The PL intensity is observed to increase with increase in -ray dose.  Two prominent and well resolved TSL glows with peak at 210oC and 365oC are observed in all -irradiated Al2O3 samples. The TSL intensity is also found to increase with increase in  -ray dose. The TSL glow curves indicate second order kinetics.
Thermoluminescence (TL) of combustion synthesized aluminum oxide bombarded with   120 MeV swift Au9+ ions in the fluence range 1×1011 - 2×1013 ions cm-2 have been studied at room temperature. Two TL glows - a well resolved one with peak at ~623K (Tg2) and another unresolved one at ~513K (Tg1) are recorded at an heating rate of 10Ks-1. It is found that the TL intensity increases with the fluence up to 1×1013 ions cm-2 and then decreases with increase in fluence. Also, the prominent glow peak temperature (Tg2) is found to be shifted towards lower temperature region, while TL intensity increases with the increase of ion fluence. In the case of heat-treated samples TL intensity is observed to be enhanced further. However, samples heat-treated beyond 973K, the TL intensity is found to be decreased with increase in heat treatment. The glow curves are analyzed by glow curve deconvolution technique and trap parameters are estimated and discussed in this paper.
The e-beam evaporated aluminum oxide films are irradiated with 120 MeV swift Au9+ ions. The AFM results showed the formation of nanostructures in the case of films irradiated for the fluence of 11013 ions cm-2. The particle size estimated by section analysis of the SHI irradiated film was found to be in the range 25-30 nm. Glancing angle X-ray diffraction (GAXRD) revealed the amorphous nature of the films.  Two strong Photoluminescence (PL) emission bands with peaks at ~430 and ~645 nm besides a shoulder at ~540 nm are observed in all irradiated samples. The PL intensity is found to increase with increase of ion fluence. The results obtained are discussed in detail
Al2O3 thin films find wide applications in optoelectronics, sensors, tribology etc. In the present work, Al2O3 films prepared by electron beam evaporation technique are irradiated with 100 MeV swift Si7+ ions for the fluence in the range 1×1012 to 1×1013 ions cm-2 and the structural properties are studied by glancing angle X-ray diffraction. It shows a single diffraction peak at 38.2  which indicates the -phase of Al2O3. Further, it is observed that as the fluence increases up to 1×1013 ions cm-2 the diffraction peak intensity decreases indicating amorphization. Surface morphology studies by Atomic force microscopy show mean surface roughness of 34.73 nm and it decreases with increase in ion fluence. A strong Photoluminescence (PL) emission with peak at 442 nm along with shoulder at 420 nm is observed when the samples are excited with 326 nm light. The PL emission is found to increase with increase in ion fluence and the results are discussed in detail
Aluminum oxide a promising material for high temperature applications is synthesized by combustion route and characterized by X-ray diffraction (XRD) technique. Photoluminescence (PL) of aluminum oxide bombarded with 120 MeV swift Au9+ ions have been studied at room temperature (RT). The observed PL emission with peak at ~420 nm is attributed to F center while the two more weak emissions with peaks at ~ 482 and ~525 nm are attributed to aggregates of F-centers. It is found that PL intensity increases with increase in Au9+ ion fluence up to ~1x1013 ions cm-2 and thereafter it reaches saturation. The FTIR results show the destruction of Al-O-H bonds while the XRD results indicate the surface amorphization of Al2O3.

Ionoluminescence (IL) studies of combustion synthesized -Al2O3 are made using 100 MeV swift Si7+ ions in the fluence range 3.51013 to 1.51015 ions cm-2.A strong and sharp emission with peak at ~ 695 nm is observed along with the weak emissions at 345, 420, 660, 670, 707 and 714 in pure nanocrystalline aluminum oxide. The IL emission with peak at 695 nm originates from the Cr3+ impurities present in the ingredients of  - Al2O3. It is found that, the IL intensity of Cr3+ decreases with increase in ion fluence. The weak emission with peak at ~345 and 420 nm are attributed F +and F-centers respectively


